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ABSTRACT

The Hayden Pass--Orient Mine area includes 60 square miles of
thé northern Sangre de Cristo Mountains and San Luis Valley in south-
central'Colorado; The rocks of this area include Precambrian igneous
and metamorvhic rocks, Paleozoic sedimentary rocks, Tertiary intrusive
rocks, and Quaternary deposits.

Remote sensor data from a NASA Convair 990 radar flight and
Mission 101 and 105 have been interpreted and evaluated. Based on
interpretation of the remote sensor data, a geologic map (Plate I1)
has been prepared.and compared with a second geologic map (Plate I),
prepared from interpretation of both remote sensor data and field
data. Comparison of the two maps gives one indication of the useful-
ness and reliability of the remote sensor data.

The usefulness and reliability of the remote sensor data are
a function of tﬁe type of terrain as well as the type of remote sensor
used. The San Luis Valley, with léw relief ahd sparse vegetation,‘
proved to be the best area to apply remote sensing. The western slope
of the mountains is less suitable to the use of remote sensing tech-
niques because of the dense coniferous cover and high relief. The
eastern slope of the mountains, which is very densely covered with
conifers and has high relief, is least suited to the use of remote
sensing.

By using remote sensing as an aid in mapping the geologic features
of the area, advantages were realized over purély field methods.

These advantages include time savings, a greater understanding of
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certain geological phenomena, and the compilation of a more accurate
and complete geologic map.

Color and color infrared photography provided the largest amount
of valuable information. Multiband photography was of lesser value
and side-looking radar imagery provided no new information that was
hot available on small-scale photography. Thermal scanner imagery
proved to be a very specialized remote sensing tool that should be
applied to areas of low relief and sparse vegetation where geologic
features produce known or suspected thermal contrast. Low’sun-angle
photography may be a good alternative to side~looking radar imagery

but must be flown with critical timing.
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INTRODUCTION

This report is a summary of Masteerf Science thesis research
activities performed from February 1970 through November 1971.
Thesis research consisted of two parts; (1) description and inter-
pretation of the stratigraphy, structure, and geologiq history 6f
the Hayden‘Pass——Orient Mine area, and (2) research into the applica-
tion of remote sensor data to the geologic probleﬁs of this same -
area. In this report, the first part of the thesis is mentioned
briefly and the second part, concerning éeologic remote sensing,
is discussed in detail. The readér is referred to the thesis
(Wychgram, 1972), which is availablé at the Colorado School of Mines

Library, for'a detailed description of the geolégy of the area.

Location and Physiography

The Hayden Pass—;Orient Mine area is in the rugged northern
Sangre de Cristo Mountains, 25 miles southéast of Salida, Colorado
(Figure 1). The area mapped includes approximately 60 square miles,
extending from San Luis Creek on the southwest to the Arkansas
River on the northeast, and\from Héyden Pass Road on the northwest
to the Big Cottonwood Creek and Black Canyon drainage systems on
the southeast. The area includes parts of Rio Grande National
Forest and Saguache County on the west side of the range crest and
parts of San Isabel National Forest, Custer and Frémont counties, on

the east side of the crest.
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The Sangre de Cristo Range, one of the most spectacular ranges
in Colorado, is characterized by its narrow width, high relief, and
asymmetry. The peaks along the crest average more than 12,000 feet
in elevation, and the relief between the Arkansas River at Coaldale
and Nipple Mountain (12,199 feet) is almost 6,000 feet.. The width
- of the range.from the crest to its base in the San Luis Valley is
only about 2 miles, whereas the width from the crest to the Arkansas
River valley is about 6 miles. The sharply defined crest of the
range, most of which is above timberline, is modified by alpine
glacial features. The east side of the range is drained by
tributaries of the Arkansas River. On the west side of the range,
most of the rﬁanf sinks intb alluvial fans of the San Luis Valley

near the base of the mountains.

Purpose

The area between Hayden Pass Road and the Orient Mine represented
one of the last links in a chain of detailed geologic maps in the
northern Sangre de Cristo Range. A purpose of this study was to
contribute to the completion of this chain of detailed mapping.

A second purpose of the study was to interpret and to evaluate
Bonanza Project remote sensor daté and to determine the potential
of the various remoté sensor systems as applied to geologic problems.
The Bonanza Project test site includes.the northern Sanqgre de Cristo
' Range, and a limited amoﬁnt of remote sensor data on the Hayden Pass—-
Orient Mine area was already available (see Tables 2, 3, and 4).
The thesis area is pérticularly well suited to the evaluation of

remote sensor data because it encompasses two markedly different



terrains, which provide remote sensor target variations concerning

geology, hydrology, vegetation, and topography.
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DESCRIPTION OF THE TEST SITE

Shortly after the Hayden Pass--Orient Mine area had been
selected as the test site area, it was divided into three subareas.
This division was based on natural topographic boundaries and the
estimated relative degree to which remote sensing methods might be
successfully applied to each subarea (Map 'B'~-Plate II). This sub-
division was made after a cursory appraisal of available remote sen-

sor data.

San Luis Valley--Area 'A'

Area 'A' extends from San Luis Creek to the base of the Sangre
de Cristo Mountains between Hayden Pass Roéd.and the Orient Mine
(Map 'B'--Plate II). This area includes all of the San Luis Valley
that is situated within the thesis area and comprises about 20 square
miles. The surface of the valley is covered by alluvial fan material
derived from the‘mountains and by fluvial deposits associated with
San Luis Creek.

The coalescing alluvial fans represent episodes of fan prograda-
tion with subsequent erosion and replacement. by younger fans. A
classificatipn has been developed by Knepper (1972) which subdivides
the alluvial fans into grouﬁs which have similar ages. By using
remote sensof data, four groups of fans were easily mapped. It was
found that alluvial fans of similar ages have.characteristic geo-

morphology and vegetation associations. These features are discussed



by Wychgram (1972, p. 42-43) and under the heading "Interpreta-
tion and Evaluation of Remote Sensor Dataf (p. 18).

The alluvial fans are cut by northwest trending faults which
form fault scarplets up to 8 feet high (Figure 2). Most of these
scarps face southwest, but thfee fault segments with scarps facing
northeast were mapped in sections 20 and 21, T. 46 N., R. 10 E.
The relative movement on these three fault segments is down on the
northeast, whereas the relative movement on the other faults in the
valley is down on the southwest. A normal fault of large magnitude,
the Sangre de Cristo fault, separates the San Luis Valley from the
Sangre de Cristo Mountains. Although covered by alluvial fan material
throughout most of its length, the fault tface is expressed by align-
mént of vegetation near Oék Springs and by offset of fan material
near the base of Steel Canyon.

Most of the water that flows from the canyons of the mountains
sinks into the porous and permeable fan material of the valley.
The vegétation in the valley is dominated by a sparse cover of grasses
and cacti which reflect the semi-arid conditions (annual rainfall
averages 10 to 15 inches per year). Limited shrub growth (mostly

the greasewood, Sarcobatus vermiculatus, and rabbitbrush, Chryso-

thamnus ssp), is restricted to areas of relatively greater soil
moisture close to the base of the mountains and along the few stream
courses which manage to transport water over the alluvial-fan material.
An exception to this pattérn of shrub distribution occurs in the
vicinity of sections 16; 17, 20, and 21, T. 46 N., R. 10 E. (Plate I),

where the moisture is fault controlled. Apparently, the fault planes



Phgure 2,

Eroded fault scarp in San Luis Valley.
Dashed line marks base of scarp.



present a relatively impermeable barrier to ground water moving
through the alluvial fan material from the mountain front to San
Luis Creek. The mechanism of water impedance is not known for cer-
tain. Since the fault scarps in this area face southwest, the
barrier cannot be topographic. A "clay series" (Powell, 1958), which
usually occurs at depths of 50 to 130 feet, has been reported from
watef wells drilled in the vicinity.: It is probable that one of
these impermeable clay layers has beén juxtaposed against permeable
gravels on the northeast side of the fault (seé Figure 3).

Area 'A' is considered to be the best subarea within the thesis

area for successful application of remote sensing techniques.

West Flank of the Sangre de Cristo Mountains--Area 'B'

Area 'B' extends from the western base of the Sangre de Cristo
Mountains to the crest of the range between Hayden Pass Road and
Black Canyon (Map 'B'--Plate II). This rugged area has 3,700 feet
of relief and includes approximatelv 18 square miles.

The rocks found in Area 'B' ¢onsist of Precambrian crystalline
rocks and Paleqzoic sedimentary rocks. The Precambriaﬁvrocks are
exposed in a strip along the western-most side of the mountains which
averages about half a mile wide. The Precambrian lithologies include
metafsedimentary rocks and scattered igneoﬁs intruéions. Locally,
foliation is so well developed that it is. often mistaken for strati-
fication on aerial photographs. A sequence of lower and middle
Paleozoic sedimentary rocks nonconformably overlies the Precambrian
rocks and consists of relatively thin units of_limestone, dolomite,

and quartzite. Because of the high degree of resistance to erosion
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that is characteristic of thése units, they are relatively well
exposed. The contrasting lithologies oandjacent formations provide
‘vdriations‘ih color, vegetatién, and geomorphology which facilitates
discrimination andvidentificatipn by remote sensiné methods. Uncon-
formably overlying the lower and middle Paleozoic rocks is a very
thick sequence of upper Paleozoic -clastic rocks; Some color con-
trast is provided'by the lithologies occurring in the lower part

of this sequence, but the similarities in groés lithology make
differentiation of these units difficult. Only a_fraction of the
total upper Paleozoic section is present in Area 'B'. The rocks

on the west side of the.range are complexly folded and faulted.

The vegetation of Area 'B'\ié dominéted byva‘thick cover of
conifers. Two zones of_coniferous trees are present that grade
vertically into one another. The lower ponderosa pine--Douglas fir
zone extends from the base of the mountains to about 9,500 feet.

The épruce—-fir zone extends upward from the vague upper boundary

of the ponderosa pine--Douglas fir zone to timberline (approximately
11,500 feet). North-facing slopes suﬁport considerably denser stands
of trees than south-facing slopes. In the valleys, and other areas
of increased soil moisture, stands of aspen are present. Triangular
- faceted spurs along the.western base of the range,‘ahd some south-
facing slopes, support scrub oak and,grass.' Above timberline only
grasses and a few dwarfed trees exist. |

Area 'B' is considefed to be a moderately well suited subarea
within the thésis area for successful application of remote sensing

techniques.
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East Flank of the Sangre de Cristo Mountains--Area 'C'

Aréa 'C' extends from the crest of the range to the Arkansas
River between Hayden Pass Road and Big Cottonwood Creek (Map 'B'--
Plate II). The area includes approximately 23 square miles of rugged
terrain. Relief is on the order of 6,000 feet.

Most of Area 'C' is underlain by upper Paleozoic sedimentary
rocks. In general, the lithology of these rocks is mixéd conglomer-
ates, sandstones, siltstones, and shales. Formationalvboundaries
are based largely on differences in color. Tertiary~intrusive rocks
occur as dikes along the crest of the range and as a stock-like
intrusion in the vicinity of Slide Rock Mountain. Near the Arkansas
' River, Quaternary pediment gravels and alluvium cover the.surface.

Most of the sedimentary rocks of Area 'C' ére folded in a regular
manner. An important set of northwest trending faults were detected
on small scale photography. Field evidence in support of these
‘structures is often minimal. It appears that three of these faults
may have been significant to the emplacement of the Slide Rock Moun-
tain Intrusive (see Plate I).

Area 'C' suppbrts a very dense forest of conifers; The same
vertical zonation of tree types exists as in Area 'B'. Because of
the high dénsity of coniferous growth, rocks are rarely seen on aerial
photogréphs. Some of the southern facing slopes are relatively free
of conifers but are usually well covered by scrub oak. A few decid-
uous trees grow in the lower areas near the Arkansas River. Many
areas underlain by pediment gravels or alluvium are cultivated.

Of the three subareas discussed, Area 'C' is considered the

-least satisfactory for successful application of remote sensing methods.

-11-



DATA COLLECTION

Variables involved with the collection of remote sensor data
are discussed in this section. A table is presented for each data-
producing mission that summarizes important system and data para-

meters. Only data that concern the thesis area are considered.

Table 1. NASA Convair 990 Radar Flight--Flown May 19, 1969

Scale General
Mode System Freq. Format (approx.) Coverage Quality
SLAR  Venus 1.2 5" wide 1:87,000 to Most of Fair
Fly-by GHz prints 1:118,000 thesis area

NASA Convair 990 Radar Flight

Table 1 summarizes parameters of the Venus Fly-by radar data.
Two lines of side-looking radar were flown by the NASA-Ames Convair
990 aircraft. The coverage was obtained as part of a test for the
Venus Fly-by radar system. The system's 1.2 GHz center frequency
provides a relatively long wavelength of 25 cm. The two northwest
trending strips were flown at an altitude of 29,000 feet. The west-
ern-most strip 'looks' east at portions of the San Luis Valley and
Sangre de Cristo Mountains starting from Black Canyon and continuing
“into the Upper Arkansas Valley. Average scale of this slant range
imagery is: range scale, 1:97,500; azimuth scale, 1:87,000. The
eastern strip looks west and covers portions of the Sangre de Cristo
range north of Cottonwood Creek. The average scale for this strip is:
range scale, 1:95,000; azimuth scale, 1:118,000. The geometric quality
of the imagery, as reflected by differences in azimuth and range
scales, is better on the western strip. The resolution of this radar

imagery is very coarse.

. =12-



NASA Mission 101

Mission 101 was flown at approximately 60,000 feet
above sea level using a NASA RB-57 aircraft. Table 2
summarizes parameteré of Mission 101 data. Color, color
IR, and three bands of multiband photography were obtained.
Stereo color transparencies (and black and white prints
made from the transparencies) were obtained from an RC-8
camera with 6-inch focal length lens. An identical camera,
triggered synchronously, ﬁas used to get comparative stereo
color IR transparencies. A third camera, a Zeiss RMK A 30/23
with 12-inch focal length lens, was also used with color
IR film. Since the scale of the Zeiss photography was
twice as large as the RC-8 photography, stereo coverage
was not obtained with this camera.

Multiband photography was obtained with three Hasselblad
70mm cameras equipped with 3-inch focal iength lenses. All
three bameras were tripped simultaneously to give comparable
frame coverage. The resulting photography is of extremely
small scale. The 700-900nm bandpass is seriously degraded
by static discharge marks and streaking. Cloud loss is

significant in several frames.

NASA Missién 105

The NASA 927-NP3A aircraft, flying at 17,500 and 25,000
feet above sea level, was used for Mission 105. Table 3

summarizes the parameters of Mission 105 data. Only a

-13-
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Table 3.

Mcde

Photography
{Color)

Photography
(Color IR)

Photography
{Multiband)

Photography
(Multiband)

Photography
(Multiband)

Photography
{(Multiband)

IR Scanner

IR Scanner

SLAR

Multifrequency
Microwave
Radiometry

NOTE :

NASA Mission 105--Flown October 2, 1969.

Bandwidth Film
System (or Freg.) Filter
Wilde LoO -TO0NM 50-397
RC-8 Anti-Vignet-

ting
vilde 520-900nm 50-117
RC-8 W~15
CC-20M
LE0O

KA -62A A okop

590-T700nm W-25A
KA-62B B 2Lo2

Loo-b70nm W-L7B
KA-62C c 2Lo2

500 -5800nm W-58
KA-62D D 50-2L6

700-000nm 7-898
RS-1k 3-5.5im NA
RS-1k S-1lpm NA
DPD-2 16.5 GHz NA
None 1.4 GHz NA
Given 10.625 GHz

22.235 GHz

22.355 GHz

31.4 GHz

Scale

Jenerai
Format (Approx.) Coverage Quaiity
9"xg" 1:15,000 Area 'A’'; Good
(T&P) Parts of Area
lBl
G"xg" 1:15,000 Area 'A'; Poor
(T) Parts of Area
. IBI
5"x5"  1:41,000 Area 'A'; Fair
(T) Part of Area
'B' near base
of range
Small part ¥
Area ‘'C’
5"x5"  1:41,000 Fair
(1)
5"%x5"  1:41,000 " Faie
(T)
5"x5"  1:41,000 Fair
(T)
2.5" L36 All «.f Area air
wide 1:46,000 'A': Part -7 tc
strip Area 'B' nenr Good
positive base of ran-e.
(T Small part of
Area 'C'
.5 1:46,000 " Goed
wide
strip
positive
(T)
2" wide 1:300,000 Areas 'A' Very
strip & 'B’ Poor
positive
(T)
Analog NA One line near Very
Magnetic base ¢f moun- Poar
Tape tains in San

Luis Valley

Photography bandwidths calculated by using the 10 percent transmittance value

point on Wratten filters and assuming that the response of 2402 film and S0-2LA

film extends to 700nm and 900nm respectively.
- Prints

(P)

-15-
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fraction of Mission 105 objectives were accomplished due to
poor weather and tgphnical problems which resulted in unflown
data lines and much unusable data;

Largé scale color photography was obtained using an
- RC-8 camera fitted with an anti-vignetting filter. The
resulting photography was of_genérally good quality except
for some exposure problems. One side.of the photographs
tended to be darker than the other side. This differehtial
darkening, which is mbre prominent in areas of high relief,
is probably a function of the loﬁ sun angle which existed
when the mission was flown. One line, which was flown in
Area 'C', was too dark to use. This underexposure was
probably the result of the very dense cover of conifers
which have a low albedo. Stereo coverage is good in Area
'A' but marginal in Area 'B' and nonexistent in Area 'C'.
The poor stereo viewing geometry is the result of severe
crab usea by the aircraft in order to counter strong cross-
winds. The color IR has the same geometry problems and, in
addition; is considerably underexposed. The color IR
photogréphy has an overall green color with some red
occurring only where very abundant, healthy, nonconiferous
vegetation was photographed. The color IR photography also
suffers from vignetting and poor focus.

Four KA-62 cameras employing 3-inch focal length lenses
wére used to obtain multiband photography. The quality of

the KA-62 photography was degraded by lack of good registration.
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An RS-14 thermal IR scanner, recording in both the
43-5.5ﬁm ana 8—l4ﬁm bandwidths,'was flown over Area 'A' and
parté'ovarea-'B'. This imagery was obtained from ébout
12:11 hrs. to 13:10 hrs. Pre-dawn imagery could not be
obtained due to poor weather conditions. Most of the
transparencies, which were prepared from the magnetic

tape output of the scanner by NASA, are of good quality.
However,_the.3-5.5ﬁm band imagery is quite "liney" and

some areas of coverage, particularly the mountainous regions,
are underexposed. As receivedrfrom NASA, much of the imagery
was mislabeled as to which of the'two channels produced it
(see Lee, 1971, p. 14-15). Detracting somewhat from

. the comparative value of theltwo channels is the fact

that they are not in register and are of slightly different
scales.

Five lines of SLAR wefe flown on Mission 105. One line,
which covers the west side of the northern Sangre de Cristo
Range and parts of the San Luis Valley, involves the thesis
area. This imagery is extremely noisey, has poor resolution,
and is of very small scale. One line of multifrequency micro-
wave radiometer déta.was obtained near the base of the
mountains in the San Luis Valley. The data were very noisey,
poorly calibrated, and lacked boresight camera reference data.

Befo#é,iduring, and after the flying of Mission 105,
AgeologiStS'from Colorado School of Mines and Martin Marietta

Corporation”monitored.surfacevand'micrometeorological variables.
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These variables included: cloud type and cover, wind speed and
direction, relative humidity, air temperatures, radiometric
(8-14 uym and L-band) temperatures, and contact (thermister) temp-
eratures. In addition, soil samples were collected and soil
moisture content measured from these samples.

NASA Mission 115, scheduled for December.3, 1969, was post-
poned due to instruﬁent malfunctions then cancelled because
of adﬁerse weather. Mission 153 (October 13~27, 1970) was alsq
cancelled because of poor weather conditions, however, some photo-
graphy was obtained Qutside the thesis area. Mission 168
(June 14-16, 1971) provided much useful data concerning the thesis

area. These data are discussed on p. 39.

INTERPRETATION AND EVALUATION OF REMOTE SENSOR DATA

This section discusses research activities involved with the
_ interpretation and evaluation of remote sensor data. The data are
grouped according to the NASA mission that generated them. This
section is introduced by a discussion of the schedule and methods

used in evaluation of the data.

Schedule and Method

Dividing the thesis area into three subareas facilitated .

the integration of lab work and field work on a schedule that
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would provide a more meaningful evaluation of remote sensor
data. The general plan was to interpret the data,lhaviﬁg
little or no a priori knowledge of the area. First, a
~geologic map based on interpretation of the remote sensor
data (Piate ITI) was prepared. Then a second map (Plate I)
was prepared based on field observations in combination
‘with the information available through remote sensing.
Comparison of the two maps provides one indication of the

. usefulness and reliability of the remote sensor data.

Laboratory methods consisted of studying transparencies
of the Missions 101 and 105 photography and imagery on a
light table. Stereo viewing was employed where possible.
‘The geologic interpretations were traced onto frosted mylar
and then transposed to the base map using a variable scale
projection technique.

The first subarea to be evaulated according to this
sequence was Area 'C'. This was done because the least
amount of remote sensor data was available of this area.
This fact insured that interpretation could easily be
.complefed before the 1970 summer field season began.
Mission 101 colbr and color IR photography was studied,
and several lineaments were mapped as. possible faults.

One line of Mission 105 photography was fldwn over Area
'Cc', but lack of stereo overlap and underexposure made these
data worthless. During July and August of 1970, Area 'C'

was field mapped and photogeologic features were field
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checked. in preparation for the interpretation of remote
sensor déta of Area 'B',vthe.formatibnal.contacts,on the
ridge between Silver Creek and North Piney Creek were also
mapped.

During aéademic year 1970-71, Missions 101 and 105 remote
sensor data were interpreted for Areas 'A' and 'B'. Color,
color IR and multiband photography and thermal IR imagery
were analyzed and geologic interpretations placed on a base
map (Plate II). The preVious field mapping done on the
- ridge between Silver Creek and North Piney Creek allowed
the identifiéation of formations and proper placement of
contacts during this.initial phase of mapping. Due to the
complexity of structure in Area 'B' and the discontinuous
exposure, considerab1e time was required to complete the
interpretation. The alluvial fans and normal faults of the
San Luistalley, however, required less than a week of
.‘laboratory time to map. During July of 1971, subareas

'fA' and 'B' wére field cheéked and the map of Plate I was

completed.

Convair 990 Radar Flight

The entire thesis area was imaged by the long wavelength,
Venus Fly-by radar system. The resolution of this imagery
is &ery coarse and only\major topography ié discernible. Parts
of Afeas 'A' and 'B', as imaged on the western-most strip of
imagery, are shown in-Figure 4. The break in topography

between the San Luis Valley and the Sangre de Cristo Mountains
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Figure 4.

4 *
Steel Canyon Hayden Pass

Reproduction of Venus Fly-by radar imagery.
Radar system frequency is 1.2 GHz; look
direction is to northeast; polarization is
unknown.
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is apparent (see feature A, Figure 4). . A very high.retdrn
was received from a south facing erosional scarp (approxi-
_‘mately 50 feet high) developed in alluvial fan material
northwest of.Steel Cantdn (see feature B,'Figure 4). Con-
centrations of shrub growth in the San Luis Valley are
evident near the base of the mountains (see features C,
Eigure‘ 4). The fault scarps of the San Luis Valley were
not‘reéolved by the system.

‘The eastern strip of imagery ﬁas lower contrast than
the western strip. Even major topogfaphic features are
difficult to identify because of this low contrast.

No significant geologic data were contributed by the
Convair 990 fadar‘imagery. Rédax imagery of this quality
would be of very marginal value in even a more generalized

- regional study.

'

‘ | Mission 101

Mission 101 photography provided considerable aid in
fhe'selection of the Hayden Pass--Orient Mine area as a
test site. The small scale (<1:100,000) allowed the viewing
of large areas rapidly. 1In general, areas’of igneous and
metamorphic fock,could be easily distinguished-from ateas
of sedimenﬁary rock. Since I was interesfed in working
with sedimentary rocks, this helped narrow the search
considerably. | |

Within the thesis area, rock discrimination was minimal.
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In Area 'C', parts of the Tertiary intrusive could be

discriminated from the surrounding sedimentary rocks

(Figure 5); - The small intrusive mapbed.in.Pole.Gulchv

on Plate I can be seen at the end of the arrow in

FigureVSa. However, it was not recognized as such in

the original interpretation. Precambrian terrain north-

east of the Arkansas River and east of Big Cottonwood

Creek was easily distinguished from the sedimentary rocks

of the thesis area (Figure 5a). 1In Area 'B', the contact

between Precambrian crystalline rdcks and Paleozoic sedi-

mentary rocks could not be accurately‘mapped on the small-

scale photography. The strongly developed foliation of

the Precambrian rocks and the thicklgrowth of conifers con-

tributed to this poor discrimination. The lower and middle

Paleozoic rocks were easily recognized as sedimentary rocks

but discrimination'or identification of the thin formations

was. impractical with photography of such small scale. Accurate

differentiation of the alluvial fans of the San Luis.Valley

was not possible, but some individual fans could be

recognized and variations in drainage density were noticeable.
Cénsiderable structural information was available on |

the Mission 101 photography. The normal faults of Afea Al

were very apparent where ponding ﬁad.occurred. Some of the

fault scarps could be faintly seen and mapped under high

‘magnifiéation. The'larger3fplds and faults of Area 'B' were

- first mapped on small scale color photography. Parts of the
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’

Figure 5a. Annotated reproduction of Mission 101 color
photography. Area 'C' shown.

Figure 5b. Unannotated reproduction of Mission 101 color
photography. Same coverage as Figure 5a.

..



Steel Canyon anticline and syncline, and offsets related to
the Silver Creek fault, were detected (see Figure 6). The
most significant structural information gleaned from Mission
101 photography was the detection and_location of several
northwést—trending 1ineaments in Area 'C' (Figure 5). These
lineaments are primarily expressed topégraphically where
small and medium scale drainage is aligned aiong linear
trends. In some areas, these lineaments are enhanced by

- vegetation contrast across the 1iﬁeamént; In alllcaées,
except next to the Tertiary intrusive, this vegetation
contrast seems to be controlled by topographic rather than
lithologic control. Field evidence supports four of the five
lineaments mapped‘from Mission 101 photography in Area 'C'
.(COmpare Plates I and II). It is significant to note that

. these lineaments are generally not detected on larger scale
.photography such as ﬁ. S. Forest Service (1:20,000 scale)
black and white photography.

The difference in available information between the
Mission ‘101 color and color IR‘phothraphy is negligible.
Both films did an equal job of rock discrimination. Since
- vegetation was significant in delineating.faulting in Areas -
'A' and 'C', color IR may be slightly superior in these
areas. However, this advantage was judged insignificantvto
the final interpretation. "It is interesting to note that the
. lineaments in Area 'C' were mapped Withlequal‘or.greater ease,

. compared with color and color IR, on black and white contact:
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Figure 6. Geologic map based on interpretation of Mission
101 color and color IR photography.

-26-



prints,made from the color transparencies. . The reason for
this seeming anomaly is not clear. The Zeiss color IR .
photography did not provide stereo viewing and was not .
studied in detail. However, it was obvious that some.linear
featurés,,such as the“faﬁlt:traces of Area 'A',_couid be
extended somewhat beyond what could be done with the Miésion
101 RC-8 photography. This was entirely due to the more
favorable scale and resolution of the Zeiss photography.

The multiband photography was of too sﬁall a scale to
be used for anything but a more_generalizéd regional study.
Comparison of the three‘bandpasses is meaningless due to
the high degree of variation in quality between the data.

No additonal information was available'froﬁ the multiband
photography that was not available on the color and color

IR RC-8 photography.

Mission 105

The RC-8 color photography of Mission 105 was of large
enough scale to provide for interpretation of detailed geology.
Overall, this photography provided more useable_geologic
information than all the other modes of remote sensing com-
bined. The3geology of Areas"A'.ahd 'B' of Plate II was
. compiled based on interpretation of these data.
| Ih Area WA',_the-alluVial'fansucould be discriminated
and identified. - Figure 7 shows annotated and unannotated

- reproductions of Mission 105 color frame number 6252. On
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Figure 7a. Annotated reproduction of Mission 105 color
photography. Portion of Area 'A' shown.
Omf = mud flow; Qal = alluvium; Qaf II =
fan Unit IXI; Qaf III = fan Unit III; Os = spring.

Figure 7b. Unannotated reproduction of Mission 105 color
photography. Same area as Figure 7a is shown.
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it are representatives of two of the four alluvial fan
~groupings. Theﬂoldéstzfan.unit.shOwn,_Qaf III,.hés a higher
drainage”density and is.topcgraphically higher than the
younger fan unit, Qaf II. Also, note that Qaf III has a
slightiy highér density of shrub(growﬁhl. This difference
in vegetation ‘density is more apparent near the base of the
mouhtains. Although it may not be notiéeable in Figure 7
Withouﬁ.stereo viewing, the surface of Qaf IT is more gently
sloped than that of Qaf III. Small erosional remnants of

- fan unit Qaf III have»been’mapped that are surrounded by
‘<Qaf II (Figure 7). These remnants of fan unit Qaf III

are recognized on the photography by'lighter tones and
higher elevation than the surrounding Qaf II material.

When later observed in the-field, a reiief of over 10 feet
was apparent between the surfaces of the old fan remnants -
and the surface of the surrounding younger fan. The lighter
~tone of the erosional remnant surfaces is a result of the
winnowing of fine material from these higher areas. This
process leaves coarser material, much of which is caliche

. coyvered, exposed at the surface. As further evidence of

- the age relationship of the two fan units, observe £hat the
distributaries of fan‘Qaf_III are truncated by Qaf II.‘
Similar criteria, which can be observed on Mission 105
color.phOtography;;arevused to differentiate,_identify;

and correlate the other fan units of Area 'A' (see also

Wychgram, 1972, p. 42-43).
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Another surface material unit has been differentiated
in Figure 7 based on surface pattern and texture. This
unit, designated QOmf, was interpreted to be a mud flow in
which the material became supersaturated with water and
flowed as a unit. The flow-like pattern of the surface
strongly suggested this genesis. - Field observations of
. these features, conducted during July of 1971, did not support
this interpretation. The lighterv¢olored areas are slightly
higher than the darker areas and are covered with rock debris
- that is both caliche-covered and of generally light coloredb
-lithologies. In addition, these higher areas display a
relatively sparse cover of grass. The anomalous pattern
. then, appears to be the result of the winnowing of fine
material from the higher areas and the deposition of this
" material in the adjoining IOW'areas; In addition to
- covering coarse rock debris in the lower areas, this finé
' material provides a more févorable substrate for grass.

| Figure 7 ‘also shows several of the fault traces of
Area 'A' that are expressed és low relief scarps; The fault
segments labeled a-a', b-b', c-c', d-d', and e-e' are
iﬁpeding the flow of subsurface water that is moving from
east to west (see discussion, p. 6-8 and Figure 3, p. 9.
The resulting increase in relative soil moisture has caused
an anomalously high density of vegetation on the east side
-of the faults. . Although stereo viewing is necessary to

vaccurately map the fault traces which are not damming
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subsurface water, many of.theseifeatufeS'can be seen without
. the aid of stereo because of the differences in vegetation,
soil, and lighting associated with the scarp slope.

Except for the postualted mud-flow features, field checks have
supporﬁed all of the'interpfetations made in Area 'A' that
were based on Mission 105 color photography. It was |
realized while making the field checks that compiling a
~geologic map of equal accufacy and cOmpleteness of Area 'A'
by field mapping methods would be impractical, if not
.impbssible. |

In Area 'B', the large scale color photography is of
lesser quality. The resolution of some frames is poorer
and, because of dense stands of conifers, underexposure is
common. The underexposure problem is amplified on north
slopes because of low sun-angle and high relief. EXCGSS‘
aircraft yaw, used to compensate for cross winds during
_‘thé overflight, resulted in a geometry which makes stereo
. viewing difficult. However, the large scale and good color
rendition of the photography provided enough information
. to compile a fairly detailed geologic map of this area
(see Plate II). | |

As pfeviously‘mentioned,_formationalvcontécts were
field mapped on the ridge between North Piney and Silver
Creeks before‘laboratory.interpretation began. This
providéd some familiarity with the lithologies and thick-

nesses of the formations. By later comparison of the field
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mapped.contaCts,with<the.color photographs, the signature
characteristics of each formation and the formation
boundaries were established. During interpretation,
instead of merely discriminating different lithologic
units and identifying these.as shale, sandstone, limestone,
etc., formational contacts and formational names could be
applied.
The following table (Table 4) summarizes the formational
characteristics that are evident on the color photography
and are the basis for discrimination and identification of
the rock units of Area 'B'.
| - Faults of Area 'B' were mapped largely on the basis
of truncated or offset strata. It was noted that aspen often
prefer to grow on fault zones (increased soil moisture?). The
autumn photography displayed the aspen in high contrast with
the conifers. |
Comparison of Area 'B' on Plate I (field checked) and
-Plate II (interpretation of remote sensor data) reveals
several discrepancies. The number Of;_and placement of, .
faults varies betweén the t&o‘mabs, especially in the Steel
'Canyoﬁ area. In the vicinity of Steel Canyon, the rocks are
complexly folded and faulted. The map of Plate I represents
. the best interpretation of data collected in the field in
combination with information available from Mission 105
photography. Much more .study of this area would be required

- to gain a full understanding of the‘complex.structure.
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Table 4. Formational characteristics of Paleozoic and
Precambrian rocks of Area 'B' that are apparent
on Mission 105 color photography.

Kerber Formation (Pk)

Leadville Limestone (Ml)

Chaffee Formation (Dc)

Fremont Dolomite (Of)

Harding Sandstone (Oh)

Manitou Dolomite (Om)

Precambrian (p€)

Less resistant; no outcrops,
many trees.

Very resistant; high topography;
light color; few trees; usually
well exposed. :

Characteristic yellow color; often
tree covered; less resistant than
M1l or Of.

Contact between Dc and Of difficult
to place--often based on thickness.

More resistant than Dc.

Very resistant; forms higher topo-
graphy; fewer trees; notably
stratified; source of many talus
screes. '

Contact often covered by talus of
Oh.

Less resistant than Oh; yellowish
color, thickness important.

Contact usually placed based on
thickness of Om.

Similar resistance to Om; strong
foliation but usually not at same
attitude as bedding of adjacent
sedimentary rocks, talus screes
similar to Oh.
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Two longitudinal faults (faults Xiand Y, Plate I), which
start in Black Canyon and end in Steel Canyon, were only partly
detectable on the color photography where strata were offset
or terminated. In the field, placement of these faults is
based largely on anomalous stratigraphic thickness. The
transverse féult mapped between North and South Piney creeks
was misplaced on its eastern end on Plate II. Field checking
of this feature revealed that brecciation and subsequent
silicification of the Kerber Formation (a quartzose sandstone)
had made it much more resistant than it normally is. As a
result, it appeared similar to the resistant Leadﬁille Lime-
stone on the coior photography, which lead to the erroneous
fault placement. In one area, on-tﬂe fidge betweeh,Black and
Lime canyons, so little geological information was available
on the photography that it was left blank on Plate II.

The color IR photography of Mission 105 is of little
value because of the overall greeniéh color. This is unfor-
tunate, because the large scale of the photography would have
made possible the detailed comparison of the relative useful-
ness of color and color IR films as applied to the geologic
problemé of the thesis area.

Mission 105 produced four bands of multiband photography.
This photography ié of adequate scale and quality to resolve
many geologic features of the theéis area. The photography

produced from all four film-filter combinations was examined
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simultaneously on a light table. .Lack of time prevented the
use of more sophisticated methods of data enhancement, such
as masking and color additive viewing. As is the case with
Mission 101 multiband photography, it appears that no signi-
ficant additional information is available from the multiband
photography which is not available on the RC-8 color and
color IR photography. It should be noted that the film-filter
combinations used were not designed to discriminate the rocks
of the thesis area. HoweVer, it was judged that Band 'D'
(700-900nm) provides a better indication of the condition

of grass and deciduous. vegetation than did the color IR
photography since Mission 105 color IR photography was
improperly filtered. Marrs (Lee, 1971, p. 44-45),

commenting on similar data involvihg fhe Bonanza Mining
District}_stated that variations in reflectance

from conifers was exhibited on Bands 'B' and 'D' (400-470nm
and 700—900hm réspectively). Although this variation was
not detected in the thesis area,'more,study of these two
bands direct=d toward isolaﬁion of this spectfal.vériance
méy be warranted. Variations in reflectance from conifers
may be related to the geologic materials upon which the
. conifers grow.

The daftime thermal IR scanner imagery produced by

Mission 105 is of good quality. In the'mountainouS'areas,
topography is well defined. The.3-5;5ﬁm imagery, which is

of higher contrast than the’8—l4umvimagery, is locally
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underexposed resulting in loss of all information.‘ Barren
areas (grass or dirt covered) can be easily distinguished
from forested areas. Because of this-disérimination ability,
the imagery displays,stratification of sedimentary rocks

close to timberline (alternating vegetation zones), delineates
most of Hayden Pass Road, and is able to discriminate parts

of the resistant.lower‘and middle Paleozoic rocks where

these units are barren ofvvegétation. Neither of the

igenous dikes that are exposed along the crest of the range
are discriminated. The high contrast of the 3-5.5um

channel imagery is an advantage on a line of imagery along

the base of the mountains (Line. 35) where conifers are not

the dominant vegetation. The alignment of trees near Oak
Springs (on the‘trace of the Sangre de Cristo fault) and

the distribution of shrub growth on the alluvial fans is

well defined on this imagery. On the two lines of imagery
that include the fault scarps of the San Luis Valley (Lines

- 33 ‘and 34), the "lineyness" of the 3-5.5um imagery degrades
image resolution to such a degree that much detail of relative
temperature distributions associated with the faulting is
lost. The relatively high resolution provided by the 8-14um
imagery reveals interesting thermal details (Figure .8) of

- the ponding on the fault segment labeled a-a' on Figure 7a.
The fault scarp .itself is warm, but in the area of ponding,

. two relatively cool areas are surrounded by warmer areas.

The cool spotS'arekthe result of both high soil moisture
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best available

Figure 8a.

Annotated reproduction of RS-14 thermal infrared
scanner imagery (8-14um). Qal = Quaternary
alluvium; Qaf II = alluvial fan Unit II; Qaf III =
alluvial fan Unit III; O8 = spring. The area of
ponding discussed on p. 105-106 is just below the
line separating Qaf III from Qaf II at the top of
the figure. Imagery taken at 1300 hours on October
25; 119630

‘Figure 8b.

Same as Figure 8a without annotations.
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(evaporative cooling) and concentrations of vegetation. The
relatively warm area surrounding the cpdl center areas might
be explained by the cohtrasting}thermal properties of the
caliche material (duricrust) which is often deposited around
these ponding areas. Another possible explanation would be that
the slight increase in slope angle around the ponding areas may
cause preferential solar heating as is the case with the fault
scarps discussed bélow (refer to Figure 10, upper left hand
corner, for‘close—ﬁp picturé ofzthe area discussed). Figures
8a and 8b are annotated and unannotated reproductions of a part
of Line 33. The fault scarps are imaged relatively warm as a
result of topographically controlled solar heating. The scarp
faces are more nearly normal to the incoming solar energy than
are the adjacent areas. Note the faint streaking oriented in a
north-south direction. Because of ground control operations which
monitofed atmospheric conditions during the overflight, these
features could confidently be attributed to wind effects.

| Mission 105 radar imagery was of such poor quality as to
be uninterpretable. Even large topographic features were
difficult or impossible to identify.

Multifrequency microwave radiometer data were analyzed by

Rosecrans (Lee, 1971, p. 51) who applied seVeral enhancement
‘techniqueé to the data. His conclusion was that no geologic,

hydrologic, or topographic variation produced sufficient radiometric

- 38-



differences to be detected above the noise level of the
radiometers. It should be noted that the microwave system

was not operating properly when the data were obtained.

RECENT SUPPLEMENTARY DATA--MISSION 168

Much valuéble data were collected on Mission 168, which was
flown during June 1971. Since these data arrived too late to be
evaluated as part of this thesis, only a few highlights are dis-
cussed iﬁ this section. Table 5 summarizes the parameters of
Mission 168 data that involve‘the thesis area.

| The color and color IR photography of Mission 168 are generally
superior to that produced by Mission 105. Although the scale of
£he Mission 168 photography is smaller, color balance, and stereo
viewing geometry are superior to Miséion 105 photography of the
mduntainous éfeas. Mission 105 photography of the San Luis Valley
cannot be compared, since there is no comparable coverage by
Missidn»168 photography. Subtle color contrast between the Permo-
| Pennsylvanian red beds and drab, gray-green sedimentary rocks could
be detécted ahd mapped in some areas. No hew structural information
was.apparent.. The color IR providea no significant advantage in
Area 'Cf by virtue of the film's near IR sensitivity. Similar
lithologic color cdntrasts were noted as with the color photography.
Both color andvcolor IR portray gypsum and limestone outcrops»much
more prominently than these areas are portrayed oh Mission 101 and

Forest Service photography.
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Low,sun—anglelphotography_(LSAP);Ataken during the
early morning with black and white infrared film, provides
excellent enhancement of £heffau1t.scarp5'in the San Luis -
Valley (Figures 9a and 9b). Black and white infrared
film was ﬁsed with a Wratten 25 filter to make shadows
(composed mostly of scattered blue light) darker and thus
increase contrast. Note.the'decrease'in enhancement
between Figure 9a and Figure 9b. The photo frame from
which Figure 9b was made was exposed only 16 minutes after
_ that of Figure 9a. During this short interval, the sun
had risen sufficiently to degrade the shadow enhancement
 noticeab1y. One of the.primary objectives of obtaining
. the LSAP Waé to enhance the northwest trending lineaments
of Area 'C' (Reeves, 1971, p. 18). Tﬁis objective
was not realized. Instead of emphasizing medium
and small scale draiﬁages,_which are aligned to form the
lineaments, only large scale drainages are enhanced. This
problem was probably the result of both the high relief of
. this area and the somewhat lower than optimum angle of
illumination. It is apparent that different.tjpes of terrain
'reQUire‘separate.study to establish the most advantageous
angle'of illumination for each terrain.

- Only one channel (8-14ﬁm) of thermal IR scan imagery is
available for analysis. During the pre-dawn overflight of

. the scanner, radiometric and thermometric temperatures were .
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Figure 9a. LSAP of fault scarps in San Luis Valley. Note
shadow enhancement. Sun-angle is approximately 24°,

Figure 9b.  LSAP of same general area as Figure 9a but taken
approximately 16 minutes later. Note degradation

of shadow enhancement. Sun-angle is approximately
279

-42~



measured across a fault scarp in the San Luis Valley (Figure 10).
Stations were established on the'upthrdwn side of the
fault (1), on the fault scarp (2), and on thehdownthrown

side of_the fault (3). A similar distribution of stations

was established in an area where ground water ponding |
-occurs- (stations designated 'W' for 'wet') and in an

adjacent area, along the same fault scarp, where no ponding
occurs (stations designéted IAD' for 'dry'). -Figure 10 is a
"close-up of a U. S. Forest Service photograph showing the
locatioﬁ of the stations. At each 'W"station, thermometric

. temperatures were meésured at depths>of 0, 2.5, 5, 10, and
‘ZOCm. At each.'D',station, temperatures were measured at

0 and 5cm depths. 1In addition, surface soil samples and
surface radiometric temperatures .(using a Barnes PRT-5)

wefe taken at each station. Atmospheric parameters were
'measured,at a station located between the groups of 'W' and
"D{zstations. Parameters that were measured include relative
.humidity,,wind.velocity, and air temperatures at 0, 25, 50,
and 100cm above the ground. The surface and atmospheric data
- are presented in Table 6. Theée data suggest that evaporative
. cooling exerts a considerable control on relative surface

. temperatures. In general, radiometric temperatures are

lower than,corrésponding thermometric temperatures, reflecting
- the fact that the ground surface is not a black body emitter.
The imagery (Figure 11) indicates that the scanner may have

a sensitivity of less thah 1°c. = In the ‘area of the 'dry'
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Figure 10.

Figure 11.

Close-up of Forest Service photograph showing
location of temperature monitoring stations.

Reproduction of Mission 168 thermal IR imagery.
Location of Hayden Pass Road and temperature
monitoring stations shown. Imagery was obtained

with an RS-14 in the 8-14um bandwidth at 0500 hours
on June 16, 1971.
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Table 6. Measurements on Fault Scarps in San Luis Valley,
June 16, 1971

" surface Data -

Surf.Temp. Surf.Temp. Soil- '

Station ' Thermomet. Radiomet. Moisture 'Diagrammatic Profile

. - -0 ) o v -
¥ A) - 2.3% 2°¢ 2.56% w1
W (2) 1.0 1% 3.52% w2
W (3) 3.2 4°¢ 1.99s N3

SW | NE
D (1) 4.3% 4°c 1.12% D1
' D2
D (2) 4.6°C 4°c 1.76%
o o D3
D (3) 5.0°C _ 4°C 1.18%
'Atmospheric:Data
Air Temperature

cm. _ y :
Aboye Ground Temp. Relative Humidity ' Wind

0 2.18C (Dry = 48°F; Calm; occasional light

25 ' 4.7.C Wet = 397F) breeze from Sangre de

50 5.3,C 723 Cristo Mountains.

100 5.9°C

NOTE: Aircraft was overhead from 0440 to 0510 hours. Data
are interpolated, where necessary, to this time range.
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stations, the fault scarp appears relatively warm, which does»not'
agree with the radiometric data. However, near the 'wet' stations
the fault scarp is imaged relatively cool, whiéh is consistent
with surface data. Comparison between this:pre—dawn imagery and
Mission 105 daytime thermal imagery (Figure 8) indicates that con-
siderably more thermal contrast is available during the day when
solar heating selectively heats the scarps as a function of the
slope geometry of the scarps. |

The SLAR imagery of Mission 168 is superior to that of
Mission 105 and the Convair:990 radar flight. However, resolution
is still poor and the sméll scale makes it suitable only for a more

generalized regional study.

CONCLUSIONS

Remote sensor data proviaed definite advantages in the
geological evaiuation of the Hayden Pass--Orient Mine area.
Overall, considerable time was saved in mapping the areé by
“applying remote sensing techniques. The geologic map resulting
from the integration of remote sensor and field data is more
accurate and complete than would be a map based solely on
field data. In addition, a greater understanding of certain
geological phenomena and the detection of geoldgical features
ﬁqt previously recognized was possible by analysis of Missions
101 and 105 data.

The greatest time saving, by use of remote sensing, was
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realized in Area 'A'. About 5 days of laboratory time were
required to interpret the remote sensor date and transfer
the interpretations to a base map. Three.days were spent:
in the field spot;checking features of Area 'A' to confirm
their identities and locations as interpreted from the
remote senéor data. Except for the mud flow features (Qmf
on Plate II and Figure 7a),  the origin of which is net
certain, the interpretations proved to be accurate. Instead
of the 8 days required to map Area 'A' using remote sensing
methods, the author estimates that approximately 14 days
would be required to map these same 20 square miles by field
methods alone.

Time savings for Area 'B' were marginal. At least 10
ldays were required to intetpret the remote sensor data and
transfer the interpretatiens.to a base map. The eomplexity
of-thelgeology, the thick cover of conifers, and the poor
stereo~viewing geometry of the Mission 105 photography all
added to the time required for interpretation. Transferring
the interpretations to the base map by using a variable scale
projectoi was difficult because of the many scale changes
needed to compensate for the high relief of Area 'B'. Ten
days were required to field check Area 'B' and'the author
believes that more time could have been spent in the complex
Steel Canyon area if additional time were.available. The total

of 20 days needed to map and field check Area 'B' compares
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with about an equal number of days thét.would be required to
map Area 'B' by field methods unaided by remote sensing.

In Area 'C', no significant time_savings were realized -
by the use of remoté‘sensing'methods. This is due, in part,
to the Iack of remote sensor data available of this area,
but more directly to the very dense cover of conifers.

Possibly more significanﬁlthan the time savings made
possible by using remote sensing, was the higher quality
map, in terms Of,accuracy and completeneés, that resulted
from the use of remote sensor data. Based on field experience

~gained while spot-checking interpreted features of Area 'A',
it was obvious that the alluvial fan relatiénships shown on
Plates I and II probably would not have been recognized and;-
if recognized, would not have been considered as practical
mapable units without remote sensor data. Many of the

fauit scarps in the San Luis Valley are so subtle that they
would not be noticed in the fiéld-even if the_presence of
these features‘in.the valley were known. In Area 'B', the
Mission 105 color photography was very valuable in.completing
the geology between field checked ébntrol points. The color
photography was also a great aid in directing field efforts
to areas of complex structure or anomalous stratigraphic

. relationships. The northwest trending faultS'df Area 'C'
were first detected on small-scale Mission 101 color and

color IR photography. Without this photography to direct
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- field investigatidn.to the specific areas of faulting, it
is doubtful that all the faults would have been adequately
~mapped. |

The method used in this thesis of evaluating a particular
sensor, by comparison of a map prepared from interpretafion
of data'froﬁ that sensor (i. e., Plate II) with a map bre—
pared by both interpretation of remote sensor data and field -
data (i. e., Plate I), is béneficial but not definitive.
In parficular,‘the following factors were detrimental to a
meaningful evaluation of remote sensors as applied to the
thesis area: |

1. Sensor data were not of consistent quality through-
out the area of coverage.

2. The data were generally not of the best quality
possible from the various remote sénsors.

- 3. Complete coverage of thé thesis area was not obtained
byvall sensors.

4. The method implies that the map supported by field
data (i. e., Plate I) is correct and complete when in fact
the field map is also bésed largely on interpretation. This
is particularly true in parts of Areas 'B' and 'C'.

‘In'addition, a more meaningful evaluation of a particular
sensor could have been made if the amount of time spent inter-
preting the data-and'the amount of time spent field mapping
were accurately recorded. Only general estimates can now be

made for the amount of time allocated to these tasks.
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The following conclusions can be made regarding the
various sensor modes: o

1. Color and color IR RC-8 phdtography provided the
largest amount of wvaluable information. The two film
types mﬁst be rated about equal in éffectiveness (based on
comparison of small scale Mission 101 photbgraphy and
medium scale Mission 168 photography). This statement
applies to the thesis area only, as previous experience
has indicated that one film type may be definitely superior
to the other in certain terrains. Both large and small
scale photography provided valuable information and both
types sérvevalfunctioh in thé'geological analysis of an
area. Small scale photography provides an overall view of
regional and lérge scale structures, and gross lithologies.
It also serves to direct attention to-anomalous areas deserving
" more study (e.‘g.,Astructufally controlled ponding in the Sén
Luis Vélley). Large scale photography provides the
resolution necessary to do‘detailedvgeologic mapping. The
superior resolution and overall ekcelleht quality of the
Zeiss photography should be used to better advantage. Future
mission.planning should provide for acquisition of stereo
Zeiss photography of intermediate scale for further evaluation.

2. Multiband photography was of_lesserﬁvalue, since the
information it provided was :already available on the color
and color IR photography. The multiband photography would

be much more competitive with the RC-8 color and color IR
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photography if it were designed specifically for the rocks in
the area, based on field-measured reflectance spectra, were
at the same scale, and had\sﬁfficient overlap for stereo
viewing. Also, multiband photographyvmust be in register so
that varioué enhanéement techniques may'be applied to the data.

3. The therﬁal scanner imagery proved its ability to
delineate much of the faulting in the San Luis Valley, but
not nearly as well as the large scale photography could.
In the mountainous areas, the main control on the thermal
imagery was vegetation (tree covered versus open) and
topography. Direct control on surface temperatureslby
surface moisture content or thermal properties of rocks was
not. apparent. In the San Luis Valley, thermal contrast
across the fault scarps is greatest during the day when
solar heating is influenced by slope geometry. Pre;dawn
iconditions provided thermal contrasts which were of marginal
magnitude to be detected by the RS-14 scannef system.
Pre-dawn surface temperatures are strongly affected by soil
moisture differences related to the ground water impedance
along fault planes. Thermél imagery is a very specialized
remote sensing tool. It can be appliedrmost gainfully to
areas of low relief and sparse vegetation that have known or
suspected surface thermal contrasts. This thermal contrast
can and should be established by surface ﬁemﬁerature monitoring
before data from this sensor are requested.

4. The SLAR imagery produced no useable information

that was not available on small-scale photography. Although -
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. the radar imagery that was analyzed was not of adequate
’quality_for meaningful evaluation, some generalizations

can be made. SLAR imagery is necessarily of relatively
small scale and always of legser.resolution than photography
of similar scale. This sensor is best suited to more

- generalized studies where regional structure.and. gross
‘lithologic discrimination are of interest.

5. Low sun-angle photography may offer a less
expensive and higher resolution alternative to_SLAR imagery.
In areas of contrasting relief, such as the Hayden Pass--Orient
" Mine area; each type of terrain mﬁét be anélyzed separately
in order to determine the thimum‘illuﬁination-angle. In
~general, terrains of high relief should be photographed at

higher illumination-angles than low relief terrains.
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